Methods and Characterization
Powder X-ray diffraction (PXRD) measurements were performed using a Bruker D8 diffractometer (Cu-K α1 = 1.5406 Å; Cu-K α2 = 1.5444 Å) in thetatheta geometry equipped with a Lynx-Eye detector. The powder samples were measured between 2° and 45° two theta, with a step-size of 0.05° two theta.
Scanning electron microscopy (SEM) images were recorded with a JEOL JSM-6500F microscope equipped with a field emission gun, operated at an acceleration voltage of 5 kV and a working distance of 10 mm. Prior to measurements a thin gold layer (purity: 99.95%) was deposited on the samples using an Oerlikon Leybold Vacuum UNIVEX 350 sputter coater system operated at a base pressure of 1x10 -6 mbar, an Argon pressure of 1x10 -2 mbar, a power of 25 W and a sputtering time of 5 min.
Fluorescence titrations were carried out using a Hamilton Microlab 500 semiautomatic precision liquid processor with a Hamilton 1705TLLX 50 µL syringe connected to a PTI fluorescence spectrometer featuring a PTI 814 photomultiplier detector, a PTI MD5020 motor driver, a Quantum Northwest TC 125 sample holder, and an Ushio UXL-75XE Xenon short arc lamp in a PTI A-1010B arc lamp housing driven by a PTI LPS-220B lamp power supply.
FTIR measurements were performed in transmission mode on a Bruker Equinox 55s between 4000 and 400 cm -1 and a resolution of 4 cm -1 . 
Synthesis of NH 2 -MIL-101(Al)
The solvothermal synthesis of NH 2 -MIL-101(Al) was carried out according to a slightly modified literature synthesis. 1 In a 50 mL glass reactor, aluminum(III) chloride hexahydrate (0.51 g, 2.11 mmol, 1.0 eq.) and 2-amino terephthalic acid of NaF in water) was dispensed stepwise in portions of 2.5 µL from a 50 µL syringe into the fluorescence cuvette. After each step, the fluorescence was monitored for 4 minutes using the same parameters as above (see Figure S9 ).
Titrations with other salt solutions and with the unlabeled MOF were performed accordingly, using 4.8 mM stock solutions of the corresponding salts and a MOF mass concentration of 33 µg/mL.
For data analysis, the mean fluorescence signal was calculated for each salt addition step from the last 60 seconds of the 4 minutes measurement interval (typically, the change in fluorescence signal was negligible 10 to 180 seconds after salt addition), the background fluorescence (i.e. the fluorescence signal before fluoride addition) was subtracted, the values were normalized to the starting intensity, and then plotted against the anion concentration in the cuvette.
Dilution of the solution due to volume changes caused by the addition of the salt solutions was neglected (the total volume change was 2 % max.). Errors were calculated from the deviation of two individual measurements made with different MOF and salt stock solutions. Lines through the origin were fitted using a standard linear regression model. processed using zero filling, phase correction and Gauss-and exponential window functions prior to FFT. In the case of 27 Al NMR spectra, the background was subtracted for each spectrum individually by using the Whittaker smoother algorithm as implemented in MestReNova v5.2.5. For uncorrected spectra, see Figure S10 . 
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